AL/2019/10/E-K OLD) — 
EG O BORO KEOD /upapy 














£O a gw Sym cconinc&agd} 
| Amede AOD YR web. : Tehei ooma ufienrs penadas | 
E tions, Sri Lanka Department oSEXRHTRIIUORS S T-PABHGR TOC PUTES ES r GES, Sri Lanka Department of Examinations. Sri Lanka § 

i Theseo OE EPIS Talwa oe aon G gm Smo ecodachage | 
jd GAL Gea dr ree HIE) ah i B d debemb  (Sexneneü uftensá  mSenssubasnb 
tapam BOEMGDnSOS — ETS [paca [SS : 


: pred fon - 4 rs Ar 
3 A ER] — wu uL V Weis — Ra PS i Sa E E 






rusmoSPme $ So» ANa GbE 


































RA Wd Em ESES 


Mr Pare oe impiae. = 
a, ok Aud VA eg at M o Rut Went Se Pane BAA s Per 



































[ REXXIL 
La W^ & £4 





pue ————— SUSIE! ai tei USD 













rere OD. eset eri eee 
AEEA O SIA AA A MGA T A 


















1 Ll 
e^ 


[agaon (055230 
(Amba ssb 
(Combined Mathematics_ 
e3ra3 Apopcd 

cupesrggr  iLpemflebeolu meo 
Three hours 
















= EE 32 
Comaia amfiiny Cpyd - 10 ull musei 
Additional Reading Time - 10 minutes 
















|| Use additional reading time to go through the question paper, select the questions and decide on the questions 
| | that you give priority in answering. 












Index Number 


Instructions: 


x This question paper consists of two parts; 
Part A (Questions 1 - 10) and Part B (Questions 11 - 17). 
* Part A: 
Answer all questions. Write your answers to each question in the space provided. You may 
use additional sheets if more space is needed. 
* Part B: 
Answer five questions only. Write your answers on the sheets provided. 


% At the end of the time allotted, tie the answer scripts of the two parts together so that 
Part A is on top of Part B and hand them over to the supervisor. | 
You are permitted to remove only Part B of the question paper from the Examination Hall. | 


Y 


For Examiners' Use only 


Total 







Code Numbers 





Supervised by: 





E [see page two 


AL2019/10/E-(OLD— — —  — — -2- 
Part A 


i. Using the Principle of Mathematical Induction, prove that X er- = n° for all n€ Z* 





E r=1 
St ALLER TROL IAS E DN SPEM paN Id Mere Edd pN d dd MM E s ER MR RR E FRE RN CEN M NE DROVE s HE DR Ed VPE CHI 
Ee ETERS TSE ST aA s CO HORE E ER ERA EORR IURE UNE V RESI PUE gd AF yfaicpia Aalamez ric razeE s 
TERMES NENERRTENSEUUXUEERE IESU E n I I IUS book E KR d I WWE wal A wap eee eT Ore eT eee TT Te PT Tee ae nee 
UUEUET SORTE TNUENORGUUMENIUUESIRAUS OR EXUPXWUCRUCE VERE AONO SUR COR eU EA DECRE NOE COR HRLOCA La S E ol OC RARE FER YO EY RP dau 3E 
DO RERIOONAUENTOOUROGUPSUP EU REONE GERUNT SIE IULII RO MUI IC d RARE RU A ACE e OC c ALD OR RRU RR RR EAE ARR VE ER RRRSARA E REP EDadE ef. 
UN CU CNN ONERBÓUUBUODUNUUNSUCER QUEDA NOUS S ION CRGA GIG URN ee eee Te Tee eee ET TTT eee, So Mek, ae 
OTATTE ETT EAEE EE IAE E REUS ec (NN SAUNT S e pa REPRE ERR S Rad eed de wA FR RR Nr  EKFC PER EZa aT NES DE vormival 
EE ee EEE ALLE LESSEE ATES CRA n ane FRU RR KR ERA Aa PER FEKF REFER REFIERE RR FMizersos MOM aaan 
PETEERE ERNEA TEENE EAR EA AR E ER IGEN S OUEK UOI Reb edis a Rie A ENCLOSE ELSE SRDS eee tee Mad Rn NMNrc e ARR ar E var 
CETUR ENGESEGMCNENNSENESENGEE ENS I UITTA Kee ew HAGA M dq ak e déqipes dua vrdaa pPYE PARA avi dS ER eere rer Era ra EIRERO 
DR EU IUE SERIOUS IUE AUNE E YU pa UP Kon o a o opond ood anoo dob od ee Vc icd dal TE Ur iau da pred CER C Rad aduer EC pq ed dexaiwEs 
EEE ELE LEE ELT RES RSET See The ga uA Rx ERCRER Esc Mj cul eeerrcerrr ew RREERET EE E REEZYR T ER 
Oe REESE TASSELS SERS EONS Rol e ce Pies ER Uor Ed kacadiadag Vadéerba asa dendi cM et ssesEv VRRATAEXERUSATUERARCEAWEAN Sada s ERE 
RUNE TUER RUUDROEBIUOONA UNES KE V RU 4 VOR ba wbes web (qd kws a FR) Av MEER Rd ga FERRE RRER E RRECRRARAG EAA 


CUT EUNO TRUE RANICEUDUPUNEE NOE REI WR EVE KATE adore C ciqepqd s ANM eese vae nea aO CAR ERA RO A n AW Ys RELY CUP 


POEET TA ETA E A RA Nu SIN E a Ionia ese sa wa d dés So rab dsrec d ERE ERROR Ra dRKRERRRFACETeAWIVrEREERERE ERE RAW EZRe EG C ERES 


2. Sketch the graphs of y=|4x-3] and y=3-2|x| in the same diagram. 





Hence or otherwise, find all real values of x satisfying the inequality 12x - 3| []x[«3. 
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3. Sketch, in an Argand diagram, the locus of the points that represent complex numbers z satisfying 
Arg(z - 2 - 2i) « 34. 
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4. Show that the coefficient of x* in the binomial expansion of | x + = is 35. | | 
x 


Show also that there does not exist a term independent of x in the above binomial expansion. 
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8. Show that lim — 
xo3 sin(z(x-3) 2x 
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6. Show that the area of the region enclosed by the curves y — sin2x, y - —x?, raz and xz is 
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7. A curve C is given parametrically by xz e (411) and y - e'(1-1?) for tER. 
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Show that 


dx (t +17 


for t#—l. 


Find the equation of the tangent line to the curve C at the point P=(1,1) on it. 
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to the line Z, is 1 unit. Find the 


given by x c y z 4 and Ax * 
such that the perpendicular 
coordinates of P and Q. 
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9. Show that the point A = (-7, 9) lies outside the circle S = x?-- y? 4x 4 6y - 12-0. 


Find the coordinates of the point on the circle S=0O nearest to the point A. 
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10. Let = tan Ê for 0 x (2n41)z, where n€ Z. Show that cos@ = 


Deduce that tani - 3-3. 
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** Answer five questions only. 


l1. (a) Let pER and O<p<i. Show that 1 is not a root of the equation px? 2x * p - 0. 


(b) 


12. (a) 


(b) 


Let a and f be the roots of this equation. Show that a and f are both real. 


Write down a+ f and af in terms of p, and show that 


1 13 . p 


(@-1) (B-1)” P+ p42° 
G 


Show also that the quadratic equation whose roots are = and Pi is given by 
o — — 


(p?+p+2)x*-2(p+1)x+p=0 and that both of these roots are positive. 


Let c and d be two non-zero real numbers and let f(x) =x + 2x? ~dx+cd. It is given that 


(x—c) is a factor of f(x) and that the remainder when f(x) is divided by (x— d) is cd. Find 
the values of c and d. 


For these values of c and d, find the remainder when f(x) is divided by (x + 2)?. 


Let P, and P, be the two sets given by {A,B,C,D,E,1,2,3,4} and {F,G,H,1,J,5,6,7,8} 
respectively. It is required to form a password consisting of 6 elements taken from P, U P, of 
which 3 are different letters and 3 are different digits. In each of the following cases, find the 
number of different such passwords that can be formed: 


(i) all 6 elements are chosen only from P, 
(ii) 3 elements are chosen from P, and the other 3 demenis from P, 


+ a ae ee f 
MARNE eaa t V perg SE 


Show that V-V 


r+2 


= 6U, for reZ. 


n 
2.8 (2n 4 5) + 
Hence, show that y U= lai ^ 603 Da 4 2) € 3) « 4) fornez. 


r=l 


Let W, 2 U,, tU, for reZ. 


5 (4n + 5) 


i44  24n*lns2)0n«DOn«3) t "€ Z. 


n 
Deduce that XW -= 
=l 


oo 


Hence, show that the infinite series Sw, is convergent and find its sum. 


r-l 


[see page eight 
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0 -1 2 1 | : | 
13. (a) Let A=. bé , B= I 3 and C= b be matrices such that 
| 0 -1 0 1.-a 4 ~i b+i a 


AB! = C, where a, bER. 

Show that a=2and b = 1. 

Show also that, C^! does rint exist. 

Let P a ;(C- 21). Write down P^! and find the matrix Q such that 2P(Q--3D) - P — I, where 

lis the identity matrix of order 2. | 
(b) Let z,z,, Z, ec ; 

Show that (i) Rez x|z|, and 


. lal 


- lal 


rs z 
(0) |— 
Z5 


for z,#0. 








Z = 
Deduce that Re EM < dal for 2 Zz, #0. 
2, + 2, |z + z| 








Verify that Re( af 


- | + Re 2 | =1 for z, + 2,0, 
Í 2 


4; + Z, 


and show that E + Z| s ARA for z,, z, € € ( 


(c) In an Argand diagram, O is the origin and OACB is a quadrilateral with vertices taken counterclockwise. 


The point A represents the complex number 24445 i,and AOC = n OAC = = A OA - OB and 


CA - CB. Find the complex numbers represented by the points B and C. 


(2x — 3)? 
4(x* —1) 
Show that /'(3), the derivative of f(x), is given by f'(x) — Qt 904-9 for xz x1. 
Sketch the graph of y=/(x) indicating the asymptotes, y-intercept and the turning points. 


14. (a) Let f(D = for x x1. 


Using the graph, find all real values of x satisfying the inequality X s]. 


(b) The adjoining figure shows a basin in the form of a 
frustum of a right circular cone with a bottom. The & 
slant length of the basin is 30cm and the radius of the 
upper circular edge is twice the radius of the bottom. 
Let the radius of the boftom be rcm. 


Show that the volume V cm? of the basin is given by 





Vu far 900 —7r^ for 0«r«30. 
Find the value of z such that volume of the basin is 
maximum. 


[see page nine 
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o 4 
15. (a) Using the substitution x=2sin?6+3 for Os @< T evaluate [4 D dx. 
3 


(b) Using partial fractions, find Tos dx. 
i 
- 
Let f(t) = ee pz cd for 2. 
3 


Deduce that (()=In(t-—2)-In(@f—1)+in2 for t>2. 


Using integration by parts, find fin (x—K)dx, where & is a real constant. 
Hence, find [ro df. 


b b 
(c) Using the formula | f@dx = | f(a* b—x)dx, where a and b are constants, 
a a 


JE pA 
2 x 2 
show that | cos x qu. | Z cos E dy, 
l+e +e 


E 


2 
Hence, find the value of E dx. 
l +e 


16. Write down the coordinates of the point of intersection A of the straight lines 12x-5y-7=0 
and y= 1. 


Let / be the bisector of the acute angle formed by these lines. Find the equation of the straight 
line /. . 


Let P be a point on /. Show that the coordinates of P can be written as (A+1, 24+1), where 
AER. 


Let B= (6,0). Show that the equation of the circle with the points B and P as ends of a diameter 
can be written as S--AU ZO, where Szx^-- y? —7x—-y-- 6 and Uz-3x-2y4 18. 


Deduce that S=0 is the equation of the circle with AB as a diameter. 
Show that U=0 is the equation of the straight line through B, perpendicular to /. 


Find the coordinates of the fixed point which is distinct from B, and lying on the circles with 
the equation S+AU=0 for all AER. 


Find the value of A such that the circle given by $=0 is orthogonal to the circle given by 
S+AU=0, 


[see page ten 
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17. (a) Write down sin({A+8) in terms of sin A, cos A, sin B and cos B, and obtain a similar expression 
for sin (A —B ). | 
Deduce that 
2sinÁ cos B — sin(Á--B)- sin(A— B) and 
2cosA sinB= sin(Á-- B)—sin(A- D). 


Hence, solve 2sin30 cos20 2 sin70 for 0 «08 « S 


(b) In a triangle ABC, the point D lies on AC such that BD = DC and AD = BC. Let BAC = a 
and ACB = p . Using the Sine Rule for suitable triangles, show that 2sinacos p = sin(a +26). 


If a: B — 3:2, using the last result in (a) above, show that « — Z. 


(c) Solve 2tan! x « tan !(x 4 1) - os Hence, show that cos(Z -4 tan”! ($) = 


ode 
CI 


E 
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Instructions: 
X This question paper consists of two parts; 


Part A (Questions 1-10) and Part B (Questions 11— 17) 

* Part A; 
Answer all questions. Write your answers to each question in the space provided. You may 
use additional sheets if more space is needed. 

% Part B: 
Answer five questions only. Write your answers on the sheets provided. 

* At the end of the time allotted, tie the answer scripts of the two parts together so that 
Part À is on top of Part B and hand them over to the supervisor. 


X You are permitted to remove only Part B of the question paper from the Examination Hail. 





* In this question paper, g denotes the acceleration due to gravity. 
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' Part À 
1. Three particles A, B and C, each of mass m, are placed in that order, in a straight line on a 
smooth horizontal table. The particle A is given a velocity & such that it collides directly with 
the particle B. After colliding with the particle A, the particle B moves and collides directly with 


the particle C. The coefficient of restitution between A and B is e. Find the velocity of B after 
the first collision. 


The coefficient of restitution between B and C is also e. Write down the velocity of C after its 
collision with B. 


wo» 4 & 4 4 * 9 9 4 9 9 9 9 V 4 4 PA € 9o kk » 9 Fh » X B * € V» XR N38 RO & ROV 9954 4 X 93449 699546 €kktnahahtáhabssseRnt$ E?) PPIPFUCCE ER B R8 kk n44ià)b à oett» yuosnh^ntkuT?PbtE PB. 


9$49*VV9VvVVU4aA V» 9 €48244941L24€403295352305399**499424425&9*52545p424«9992583J99^45453454t4&iA£ZA.»ÀiB4ZXV| 9» 9€978€€6€941»^282441f8-*9à»£Z»t*b»s*ti5se99w;22045y9»"w*9»»32929€€24-*V&4 


2. A particle is projected from a point O on a horizontal floor with 
a velocity whose horizontal and vertical components are ,/ga and 


462a , respectively. The particle just clears two vertical walls 
of heights a and b which are at a horizontal distance a apart, 


as shown in the figure. Show that the vertical component of the 
velocity of the particle when it passes the wall of height ais 2,/ga. 





5a 
Show further that b= ==. 

Z 
**$*»92444«84«7*9»94 & € * e wo T To 9 € * 9 4 4 4*4 XY NV 9 v * 1 à » à à à h wow à ko w y » y N WV $ CR 9 9 P WV o9 kb P 4 &k à OR o € * € » o» 9 » 4 «a wh oa 4 bo» 9 XR OX $3 BORA Wo € * «9 9B € 4A R99 999 983 VR RR TX «X 
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3. In the figure, A, B and C are particles of masses m, m and M, 
respectively. The particles A and B are connected by a light 
inextensible string. The particle C, lying on a smooth horizontal 
table, is connected to B by another light inextensible string passing 
over a smooth small pulley fixed at the edge of the table. The 
particles and the strings all lie in the same vertical plane. The 
system is released from rest with the strings taut. Write down 
equations sufficient to determine the tension of the string joining 
A and B. 





o9 9 4&3 *À 9? 9 R2 OR& À o9» Roa 9 o» € 6 OW OR NR A oP FOR VOS OR 3 9 € € € Y o2 ho 9 À RÀ Romo» 9 om 4 P RÀ d tod R POP ld 


perv &(& 9 9 4 E bb ho $ Fb 4 € POM» X € 4 € A VÀ w À wow À À o& FR RR ORO $39 X 9o? TOR 9o» À os P OR 4 hos À3 wo dod X o9 3 P^ € V € bo? 9? BOB) 9 oW 4 Y Vw mo) nov 3 8 o4 b 9 V d à VOR Fo "OR v Row Hee EE HER HERR EHR HE HS EHH tv 


€ 4 & 9» 8 8 4 4 9 & » 9 à Lk h k 4 € 9$ » 4 € RK? 99 34V à» xà 


à à $»»72AA5»*4 


bw bà $9 $» tt & 9 P4A 9 BR &E* F9 9 à &oyw ww P» a 4$ À OR dU & PA € VÉ 3 X PR 3 RÀ 3 À à à 8 8 X m Áo k FR 3 NR 0€ 99 993 44833 32 85 8 85908 &5VNWVSPREARTUEPERTA v, "5983598 45V V ^Tt tn cta4ui x^ vim 


Reé5645896292999954529*»575394€53838Bt€€ b» 99 hR^y*599»24429294543594958V*53»5».9995956?95A44»52242o0và£425&t&5E3.v995óuuen&àd b b?»stenvisssvwmoheóetetdb^vetvwvmws*w*ssatat 


4. Acar of mass M kg and constant power P kW moves downwards along a straight road of inclination 
a to the horizontal. There is a constant resistance of R (> Mgsina)N to its motion. At a certain 


instant, the acceleration of the car is a ms™. Find the velocity of the car at this instant. 


Deduce that the constant speed with which the car can move downwards along the road is 


1000P mu 
R — Mgsina l 


a SS ee a 


Peed ehh aR ERR HERERO ORO AERA EEE HEA ESER SER HSH AE SESH URE TE RE RSEPARGCRE OSES PERFECT EEE FERRET EES EH HEF TH HH TESEHHNSE HV HOE tore 
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S. In the usual notation, let 2i-- j and 3i—j be the position vectors of two points A and B, respectively, 
with respect to a fixed origin O. Find the position vectors of the two distinct points C and D such 
1 


that AOC = AOD =F and OC = OD = = AB. 


6. A particle P of weight W, suspended from a horizontal 4 
ceiling by two light inextensible strings AP and BP making 


angles a and 3 with the horizontal, respectively, is in 


equilibrium as shown in the figure. Find the tension in the 





string AP in terms of W and a. 


Hence, find the minimum value of this tension and the 
corresponding value of a. 
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see page five 
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7. Let A and B be two events of a sample space 9. In the usual notation, it is 





3 


> 5 


P(A)=2, P(ANB)= Ż 


denote complementary events of A and B, 


"e 


i 


and P(A'XB)- —. Find P(B) and P(A N B’); where 


10° 
respectively. 


given that 
A’ and B’ 


A bag contains 3 red balls and 6 black balls which are identical in all aspects except for their 
colour. Two balls are drawn at random from the bag, one at a time, without replacement. Find 
the probability that the second ball drawn is black. 


Find also the probability that the first ball drawn is red, given that the second ball drawn is black. 








see page six 
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9. Five positive integers each of which is less than 5, have two modes, 
mean, and median are both equal to 3. Find these five integers. 


onc 


of which is 3. Their 





Find the mode of this distribution. 


The mode of the distribution of values obtained by multiplying each value of the 
by a constant & and then adding 7 to it is 21. Find the value of &. 
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[see page seven 
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* Answer five questions only. 





(In this question paper, g denotes the acceleration due to gravity.) 


11.(a) Two cars P and Q move with constant accelerations in the same direction along a straight road. 
At time £ — Q the velocity of P is u ms! and the velocity of Q is (u -- 9) ms^!. The constant 
acceleration of P is f ms? and the constant acceleration of Q is U + ri ms", 

Sketch the velocity-time graphs for 
(i) the motions of P and Q for ¢ 2 0, in the same diagram, and 
(ii) the motion of Q relative to P for t 2 0, in a separate diagram. 


Further, it is given that at time ¢ = 0 the car P is 200 metres ahead of the car Q. Find the time 
taken by Q to overtake P. | 


(b) A river of breadth a with parallel straight banks flows with uniform 


velocity u. In the figure, the points A, B, C and D lying on the banks D C 
are the vertices of a square. Two boats B, and B, moving with constant "M. "x 
speed v (> u) relative to water begin m) journeys at the same instant j eut | 
from A. The boat B, first travels to C along AC and then to D in the T Pt 
direction CD upward along the river. The boat B, first travels to B in the E ced 
direction AB downwards along the river and then to D along BD. Sketch Á B 


the velocity triangles for the motions of B, from A to C and of Pat from 

B to D in the same diagram. 

Hence, show that the speed of the boat B, in its motion from A to C is AN Qu^ cgi +u] and 
find the speed of the boat B, in its motion from B to D. ? 

Further, show that both boats B, and B, reach D at the same instant. 


12.(a) The triangles ABC and LMN in the figure, are vertical cross-sections through the centres of gravity of two 


identical smooth uniform wedges X and Y respectively, with ACB = LNM = 3 and ABC = LMN = T 


such that the faces containing BC and MN are placed on a 
smooth horizontal floor. The wedge X of mass 3yn is free to 
move on the floor and the wedge Y is kept fixed. The lines AC 
and LN are the lines of greatest slope of the relevant faces. Two 
ends of a light inextensible string passing over two smooth 
small pulleys fixed at A and L, are attached to particles P and 
O of masses m and 2m, respectively. At the initial position, the 
particles P and Q are held on AC and LN respectively such that 
AP = AL = LỌ =a and the string taut, as in the figure. The system is released from rest. Obtain equations 
sufficient to determine the time taken by X to reach Y in terms of a and g. 





mu 





[see page eight 
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(b) A smooth narrow tube ABCDE is fixed in a vertical plane as shown in 
the figure. The portion AB of length 243a is straight and tangential 
at B to the circular portion BCDE of radius 2a. The ends A and E lie 
vertically above the centre O. A particle P of mass m is placed inside 
the tube at A and gently released from rest. Show that the speed v 


3 


of the particle P when OP makes an angle 0 i << 22 with OA 


ns an eet Oe oe Ld 2 ee we loo 


[3 






is given by v? -4ga (2—cos 0) and find the reaction on the particle 

P from the tube at this instant. D 
Also, find the reaction on the particle P from the tube in its motion 
from A to B. 

Show that the reaction on the particle P from the tube changes abruptly 
when the particle P passes through B. 


ie 
Aio 
4 
` 


t 
4 


13. The points O, A and B lie in that order, with O 
lowermost, on a line of greatest slope of a smooth 


fixed plane inclined at an angle a to the horizontal 


such that OA = a and AB = 2a. One end of a light 
elastic string of natural length a and modulus of 
elasticity mg is attached to the point O and the other 
end to a particle P of mass m. The string is pulled 
along the line OAB until the particle P reaches the 
point B. Then the particle P is released from rest. 





Show that the equation of motion of P from B to A is given by £x $)- 0 for O<x<2a, 
where AP = x. 


Let y zx PS and rewrite the above equation of motion in the form y * c y = 0 for S <ys X 


where œ = if . 


Find the centre of the above simple harmonic motion and using the formula aes a» (c = y'J , find 
the amplitude c and the velocity of P when it reaches A. 


show that the velocity of P when it reaches O is ./7ga . 


Show also that the time taken by P to move from B to O is f fos i) 2x} , where & = J7 — 6. 


When the particle P reaches O, it strikes a smooth barrier fixed at O perpendicular to the plane. The 
coefficient of restitution between P and the barrier is e. Show that if 0 «e s —— , then the subsequent 


Fi 


motion of P will not be simple harmonic. 


14. (a) Let OACB be a parallelogram and let D be the point on AC such that AD: DC=2:1. The 
position vectors of points A and B with respect to O are Aa and b, respectively, where A>0. 
Express the vectors OC and BD in terms of a, b and A. 


Now, let OC be perpendicular to BD. Show that 3la[ A +2(a-b)A—|bf =Q and 


find the value of A, if |al= |b] and AOB = S 


see page nine 
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(b) A system consists of three forces in the plane of a regular hexagon ABCDEF of centre O and side 


18.(a) 


(b) 


at B. The rod AB is of weight W and the rod BC is of weight 


of length 2a. Forces and their points of action, in the usual notation, are shown in the tabie below, 
with the origin at O, the Ox-axis along OB and the Oy-axis along OH, where H is the mid-point 
of CD. (P is measured in newtons and a is measured in und | 


Point of Action Position Vector | Force 


a [nt 
ee ar 


Show that the system is equivalent to a "m and find the moment of the couple. 

Now, an additional force of magnitude 6P N acting along FE is introduced to this system. Find 
the magnitude, direction and the line of action of the single force to which the new system 
reduces. 










Two uniform rods AB and BC, each of length 2a are jointed smoothly 


2W. The end A is hinged smoothly to a fixed point. This system 
is kept in equilibrium in a vertical plane with rods AB and BC 
making angles a and f, respectively, with the downward vertical 


by a force x applied at C in the direction perpendicular to BC 


shown in the figure. Show that f = z and find the horizontal 
and the vertical components of the reaction at the joint B on the 
rod BC exerted from the rod AB. 


v3 


Also, show that tana = a 





Framework shown in the figure consists of five light 
rods AB, BC, BD, DC and AC smoothly jointed 
at their ends. Here, it is given that AB=CB=a, - 


CD = 2a and BAC = X. , Framework is smoothly 
hinged at A to a fixed point. A load W is suspended 
at the joint D, and the framework is kept in 
equilibrium in a vertical plane with AC vertical 
and CD horizontal by a force P parallel to the 
rod AB, applied at the joint C in the direction 
shown in the figure. Draw a stress diagram, using 
Bow's notation, for the joints D, B, and C. 





Hence, find 


(i) the stresses in the five rods, stating whether 
they are tensions or thrusts, and 


(ii) the value of P. 


see page ten 
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16. Show that the centre of mass of 


(i) a thin uniform semi-circular wire of radius a is at a distance 24 from its centre, and 
(i) a thin uniform hemispherical shell of radius a is at a distance 5 from its centre. 
A spoon is made by rigidly fixing, to a thin uniform hemispherical shell of C 


centre O and radius 2a, a thin handie ABCD made of uniform wire consisting 
of a straight piece AB of length 27a and a semi-circular piece BCD of radius a, 
such that the diameter BD is perpendicular to AB, as shown in the figure. The’ 
point A lies on the rim of the hemisphere, OA is perpendicular to AB, and OD 
is parallel to AB. Also, BCD lies in the plane of OABD. The mass per unit area 


of the hemisphere is € and the mass per unit length of the handle is 


Show that the centre of mass of the spoon lies at a distance 1e (8x - ate ! a 
below OA, and a distance i94 from the line passing through O and D. 


The spoon is placed on a rough horizontal table with the hemispherical surface 
touching it. The coefficient of friction between the hemispherical surface and the 


ad 
7. 


5 19» 





table is +. Show that the spoon can be kept in equilibrium with OD vertical by NNNM 


a horizontal force applied at A in the direction of AO. 





17.(a) Initially a box contains 3 balls identical in all aspects except for their colour, each of which is 


(b) 


either white or black. Now, one white ball identical to balls in the box in all aspects except 
for its colour, is added into the box and then one ball is drawn at random from the box. 
Assuming that the four possible initial compositions of the balls in the box are equally likely, 
find the probability that | 


(i) the ball drawn is white, and 
(ii) initially there were exactly 2 black balls in the box, given that the ball drawn is white. 


Let the mean and the standard deviation of the set of values {x,:i=1,2,...,.2} be & and o 


respectively. Find the mean and the standard deviation of the set of values (ax; :i 1,2, ..., n], 
where a is a constant. 


Monthly salaries of 50 employees at a certain company are summarised in the following table: 


Monthly Salary Number of 
~ in thousand rupees) Employees 













15 
| 4-5 | 6 | 


Estimate the mean and the standard deviation of the monthly salaries of the 50 employees. 










At the beginning of a year, the monthly salary of each employee is increased by p%. it is given 
that the mean of the new monthly salaries of the above 50 employees is 29 172 rupees. Estimate 
the value of p and the standard deviation of the new monthly salaries of the 50 employees. 


